Introduction
Meconium aspiration syndrome (MAS) as an important contributory factor to neonatal morbidity and mortality has been well established [1, 2, 3, 7, 9, 15, 20, 29, 42] . Meconium contamination of amniotic fluid is found in 8 to 12 % of all pregnancies [22, 32, 42] . More than half of these infants have meconium in their trachea at birth [7, 22] . Not all of these neonates become clinically ill, but some 10 to 30% develop respiratory disturbances ranging from a mild to a very severe degree [7, 22, 42] . The incidence of clinically manifested meconium aspiration syndrome is 1 to 3 % [6] . Depending upon the degree of aggressive post-partum intensive care, the mortality rate of these MAS infants is reported to be between 0 and 34% [3, 30, 42, 43, 45] . Accordingly, the attention of obstetricians, pediatricians and anesthesiologists is directed towards finding methods of preventing meconium aspiration. As soon as the infant's thorax emerges from the vagina it expands due to its inherent elasticity and a first passive inspiration, and hence aspiration, occurs at this stage [27, 28] . Because this is so, CARSON etal., [9] were able to show that suction and clearence of the upper airways as soon as the head is delivered while the thorax remains **An abstract of this article was delivered at the llth "Deutscher Kongreß für Perinatale Medizin", November [8] [9] [10] [11] 1983 , Berlin compressed, led to a marked reduction in MAS morbidity. GAGE [16] reported that suction with a conventional catheter is significantly more efficient than use of a "bulb syringe", but recommendations on the method to be used and in which sequence the airways should be cleared, are either absent in the literature or are contradictory [39] . Oropharyngeal suction alone is suggested by some [13, 15, 16, 23, 34] , transnasal suction alone by others [3, 4, 5, 25, 37] , while the combined transoral and transnasal suction of the neonate is recommended by others [2, 9, 10, 11, 12, 21, 24, 29, 31, 35, 38, 41] . The pilot study described here, using an animal model already described in the literature [16, 18, 26] , was designed to investigate which of the previously mentioned suction clearence techniques can be expected to give the best results in the care tively (passage of the Action catheter into the of infants born with meconium contaminated nasal cavity was, as is the case with neonates, amniotic fluid. Particular value was given to aboided) -and combined oral and nasal suction simulation of pressure changes which occur as the was used once. It must be pointed out that when neonate passes through the birth canal.
either the oral or nasal routes were used alone, suction was carried out for 60 seconds; whereas, when the combined technique was applied the oral and nasal cavities were cleared for only 30 seconds 2 Material and methods each The al±nals lay in ^ dorsosuper ior position Three different procedures (nasal, oral and com-during suction in the manner of most neonates at bined nasal and oral suction) were carried out on birth. Suction was carried out blindly without each of five of kittens (2100gm average weight) laryngoscopic control, and complete clearance of aged between 17 and 19 weeks of age. There was the oro-and nasopharynx was always attempted an interval of at least one week between each although extreme efforts were avoided [41] . At investigation.
the end of the two minutes, thoracic cmpression The animals were anesthetized with 75 to was rapidly released and a "first" part-active and 175 mg/kg body weight of ketamine given intra-part-passive inspiration induced by CO 2 accumulamuscularly. No further anesthetic agents or sup-tion and the natural elasticity of the thoracic wall. plimentary medication was given. At the stage of After a further five minutes the radioactivity surgical anesthesia (approximately 10 minutes remaining after suction was documented using a after injection) the cats were placed onto a data-system attached to the 7-camera. The radioGamma camera* and oxygenated with 100% activity of the instilled and of the extracted fluid oxygen for 5 to 10 minutes. The thorax was then was measured curimetrically and the difference compressed for two minutes using a conventional taken as a measure of the amount which could not blood pressure cuff inflated to 50-60 torr (6.7-be recovered. S.OkPa). This served firstly to suppress sponta-Statistical analysis was carried out by comparison neous respiration and to simulate the passage of of median values using the WlLCOXON-test for the neonatal thorax through the birth canal [16] , unpaired groups. A probability of <5% was and secondly to partially empty the lungs follow-regarded as significant. ing prior previous oxygenation with pure oxygen During the first minute of thoracic compression, ^ Results 2ml of Tc99 labelled synthetic sputum** was The ^Ο 11 ηΐ of extracted radioactively labelled introduced into both the oro-and nasopharynx at material was taken as the basis for assessing the a standardized depth using a soft, thin catheter, effectivity of the various methods. Fig. 1 shows The amount of radioactivity used for each investi-these Counts for each of the animals, grouped gation lay between 0.980 and 2.302 mCi.
according to the technique used. It can be seen During the second minute, the instilled fluid was that when nasal suction alone was used the aspirated using a mucous extractor with a 25 ml ^^ extracted was much less than with either trap as is conventionally used on the labor of the other two techniques; using this route, an wards.*** On each of the animals oral suction avera ge o f 13 %(one-eighth of the amount inst led) clearance was carried out once and once using could be recovered. The individual and the average nasal suction of both of the anterior nares respec-values obtained with oral method alone and com--bined oronasal suction were much higher. Oral * LEM-7-CAMERA, Firma Siemens, Federal Republic of suction led to the recovery of an average of 52% ?*TLA^DoL^E®,Fresenius,F.R.G of *** material instilled, and the combined tech- ORAL AND NASAL level between oral and nasal and oronasal and nasal instilled, with the nasal route it was 2 to 23% and suction. with the combined procedure, 41 to 75%. These Independent of which technique was used, indi-wide differences must be seen as the result of the vidual values showed a wide range. With the oral element of chance present during "blind" suction route the range was 22 to 75% of the fluid without laryngoscopic control. The second part of the investigation was to determine the distribution of radioactivity remaining after suction had been carried out and spontaneous respiration resumed. The head/neck area were arbitrarily defined as the cranial, the stomach and the lower respiratory tract as the two caudal components of the system. Fig. 2 shows the average amount of activity incorporated, expressed as a percentage of the instilled amount and grouped according to the method used. Fig. 3 on the other hand shows the relative distribution. It can be clearly seen that independent of the efficacy of the technique used, the majority of the remaining radioactivity (55 relative percent) is localized in the head and neck area. Absolute values are 45% for nasal suction, 26% for oral, and 24% for the combined oro-nasal route. Hence these values lie between approximately one quarter and one half of the amount instilled.
It is of note that following nasal suction a relatively large proportion of retained material is found in the stomach. This may be an indication that secretions left in the oropharynx tend to get swallowed rather than aspirated. When the combined technique was used, relatively little radioactivity (less than 6%) was found in the gastrointestinal tract. Five minutes after spontaneous respiration had resumed, the lungs revealed only a centrally distributed radioactivity. This corresponds anatomically to the trachea and major bronchi [17] . The peripheral area of the lungs was free of aspirate at this point in time.
It must be pointed out that the aspirate need not be distributed in both of the caudal parts of the system. Both the stomach and the lungs can be involved alone. Examples of this are shown in Figs. 4 and 5. Fig. 6 shows the absolute distribution expressed as a percentage of the amount instilled. Again, the larger amounts present in the head/neck area are clearly seen.
Discussion
A number of authors [2, 3, 9, 18, 21, 24] recommend an aggressive approach for the clearance of the upper airways of infants born with meconium stained amniotic fluid. There is as yet no definite answer to the question as to which procedure is most effective in the suctionirig of the oro-and nasopharynx immediately after delivery of the head. In this study we have, using an animal model, attempted to find a solution to the problem of which method and in which sequence suction should be carried out on neonates with meconium contaminated amniotic fluid. With respect to the method used, firstly it must be discussed whether the radioactively labelled synthetic sputum used is comparable to aspirated meconium, and secondly, whether Icittens in ketamine narcosis lying in a dorsosuperior position with a mechanically compressed thorax are an adequate model for the process occurring at birth. Synthetic sputum was used as radioactive carrier rather than meconium, because of its bland nature.
Hence chemical-toxic damage to the respiratory tract was never observed following aspiration. The mixture of synthetic sputum and eluted Te 99 has a consistancy which is more similar to finely rather than roughly dispersed meconium. Finely dispersed meconium tends to be largely aspirated into the periphery of the lungs compared to roughly dispersed meconium, because of the difference in particle size [16] . It can therefore be assumed that the distribution of "peasoup" meconium will tend to be even more in the cranial -the head/neck and trachea -area, than the experimental mixture. This is of advantage when carrying out suction clearence either intra-or postpartally. It follows from this that especially the postpartal clearence [3, 12, 15, 16, 21] of oro-and nasopharynx is indeed of importance. In the presence of roughly dispersed and hence viscous meconium it can be and the physiology of the swallowing and respiraassumed that an even larger amount of the secre-tory reflexes [36, 40] . The laryngeal and swallowtion remaining after intra-partum suction clearence ing reflexes of ketamine anesthetized kittens are than that found in this investigation will remain in more active though, than those of an asphyxiated the head and neck area whence it can be removed neonate aspirating meconium [16] . One could in part by a thorough second clearence. The result therefore expect the human neonate to have even of aspirating slightly meconium contaminated more aspirate in the head and neck area than that amniotic fluid is variously reported in the litera-found under experimental conditions. There is ture. MILLER [32] found that finely as opposed to therefore the danger that when suction clearence roughly dispersed meconium could be correlated is inadequate, large amounts of mecohium can be with higher Apgar values, and GOODLIN [20] introduced into the trachea and bronchi during observed that in animal experiments a 2% subsequent assisted or controlled ventilation, meconium solution had the same effect on survival The model of a kitten's thorax compressed by a rate as aspiration of saline. GREGORY [22] on the blood pre ssure cuff inflated to 50 to 60 torr, with other hand failed to find a statistical correlation an apnea time of 2 minutes following previous between the consistency of meconium in the oxygenation; is equivalent to the situation when trachea and the incidence of M AS. the infant's head has been delivered, but the There is agreement however, that the severity of airless thoracic cage is still compressed by the MAS correlates with the amount aspirated, cervix [16] . According to some authors [13, 35] , Meconium causes a partial obstruction of the this is exactly that point in time when the upper lower airways which results in air trapping and a airways should be cleared. disturbance of the ventilation-perfusion quotient. xh e nasopharynx was cleared soley by placing a A chemical pneumonitis affects the alveolar cat heter tip at the anterior nares and causing a epithelium [2, 3, 44, 45] . suction pressure gradient. This procedure is In addition to assessing distribution according to routine in many delivery rooms [10, 11, 29, 35] . the characteristics of the fluid instilled, the ques-We avoided introducing the relatively thick (14 Ch) tion arises as to whether the degree of absorption catheter up to the choanae because of the risk of of the instilled substance through the particularly damage to the nasal mucosa and possibly causing well perfused mucous membranes of the oro-and bleeding or edema. Because of the relatively nasopharynx is of importance in interpreting these cranial position of the larynx, neonates have to results. The 99 can easily diffuse through mucous breath through their noses. If the nasal airway membranes [33] , so that the relatively short time becomes obstructed, the infant closes his mouth interval of 5 minutes was chosen between com-and tries to blow air through its nose. Only when pletion of suction and documenting distribution, crying does mouth breathing occur [31] . One must No measurable resorption took place within therefore take pains to avoid any measure which this space of time (Figs. 4 and 5) , and 5 minutes might damage the nasal mucosa and hence cause was regarded as a realistic measure of the time obstruction of the nasal cavity. This procedure has within which the newborn can be adequately the disadvantage that it is difficult to build up an cared for. The period of observation was not adequate negative pressure in the nasopharynx extended because the resorption which would due to air entering through the other nostril. The then occur.
use of thinner catheters would enable the nasal The anatomical and physiological similarity of the cavity to be reached but there would then be upper respiratory tract of the animal model used danger that the thinner lumen may become to that of the neonate, has already been discussed blocked with sticky meconium or even with large by several authors [8, 16, 26, 36] , Of the non-particles. The repeated change of catheters which primates, kittens have the greatest similarity to would then be necessary could lead to a large time human neonates with respect to both the anatomy loss, and could markedly decrease the efficacy of of the face and the oro-nasopharynx [8, 16, 26] , oral suction clearence.
The amount of secretion removed is a direct indicator of how effective the method is. Suction at the anterior hares alone must be regarded as relatively inadequate. Comparison between oral and oronasal suction reveals no particular advantage of either method, but only oral as .composed to only nasal suction reveals that the oral component -although when combined onf only 30 seconds duration -is more effective. This is important in that neonates who are in poor condition -asphyxic, acidotic, and bradycardieresuscitation should begin as soon as possible, and not be delayed by prolonged suction procedures [35] . Therefore, in all cases oral suction should be carried out first, as soon as the head is delivered. If the infant is obviously in poor condition, the time required for relatively ineffective nasal suction can be spared, this is particularly so, because intubation and artificial ventilation are usually necessary. In these instances the endotracheal tube should be introduced through the mouth and not through the uncleared nasal cavity. If procedure do not have to be rushed on the other hand, nasal suction can be carried out after clearing the oral cavity. When this is the case, it may be more appropriate to clear the nasal pharynx with a soft thin catheter. The finding that over 50% of the radioactive material not cleared by suction is found in the head and neck area 5 minutes after resumption of spontaneous breathing emphasizes that a second clearence must be carried out in the post-partum interval, ideally, on a pre-warmed neonatal reanimation table [3, 12, 15, 16, 21] . For a certain period of time, aspirated material remains largely in the upper airways. GAGE [16] for example, found no contamination at the periphery of the lungs at 20 minutes, but marked contamination 2 1/2 hours after meconium aspiration. GOODING [19] found that Tantal-labelled meconium passed from the trachea and major bronchi into the periphery within one hour. This observation is in agreement to the work of TRAN et al.
[44] on the inspiratory and exspiratory resistance of intubated rabbits following meconium aspiration. After a maximum of 15 minutes following the introduction of meconium resistance values fell markedly over the next 2 to 3 hours, indicating that meconium was passed from the major airways into the bronchi and bronchioles. Because aspirated material remains in the upper airways for a relatively long period of time, endotracheal and endobronchial suction should be carried out a number of times especially when laryngoscopy reveals that the vocal cords are stained green [7, 22, 23] . Lavage with physiological saline , once, in some cases even more often [7] , may be considered. Should regurgitation occur, there is a danger that the large quantities of previously swallowed fluid, be aspirated. A stomach tube should therefore be ;j passed post-partum and gastric contents emptied. This procedure will additionally exclude the presence of an esophageal atresia [12].
Conclusions
Based on this study we would make the following recommendations:
-Oropharyngeal suction clearence immediately upon delivery of the infant's head is markedly superior to nasal clearence and should therefore be carried out first. -When sufficient time is available, nasal suction can be carried out on completion of oropharyngeal clearence, because in some instances, the amount of material aspirated can thus be further reduced. -Because a large amount of the meconium present in the oro-and nasopharynx stays there initially even when spontaneous respiration has begun, a second careful clearence of the oral and nasal cavities must be carried out postpartum. -It takes a relatively long time before aspirated meconium leaves the trachea and the major bronchi for the peripheral airways, repeated endotracheal suction and saline lavage can largely prevent this happening. -Once spontaneous respiration has begun, a not inconsiderable amount of meconium can be swallowed and on regurgitation later aspirated; therefore the stomach must always be emptied.
Summary
In order to define as effective a procedure as possible for the intra-and post-partum clearance of the upper airways of meconium contaminated infants, three methods of suction clearance, nasal, oral and combined nasal and oral, were carried out on each of five kittens aged between 17 to 19 weeks. There was an interval of at least one week between each investigation. The animals were anaesthetized with kctamine intramusculary. The pressure changes during delivery were simulated using a compressed blood pressure cuff around the kittens thorax. During the first minute of thoracic compression Tc 99 labeled synthetic sputum was introduced into both the oro-and nasopharynx, then during the 2nd minute the instilled fluid was removed using a conventional extractor with mucus trap. Soley oral or soley nasal routes were used, suction was carried out for 60 sees, whereas when the combined technique was applied the oral and nasal cavaties were cleared for only 30 sees each. At the end at the 2nd minute thoracic compression was released and a deep inspiration occured. After five minutes the radioactivity remaining after suction was documented using a gammacamera. We attempted to answer the following questions: How much mucus could be extracted with each different method, and where the remaining amount was later distributed? Nasal suction alone was found to be inefficient; using this route an average of 13% (only an eight of the amount instilled) could be removed. Oral suction led to the recovery of an average of 52% of the material instilled, the combined technique much as 56%. After re-establishment of spontaneous respiration, it could be clearly seen that, independent of the efficacy of the technique used, the majority of the remaining radioactivity (55 relative percent) is localized in the head and neck area. Absolute values are 45% for nasal suction, 26% for oral, and 24% for the combined oro-nasal route. The other part of the remaining radioactivity was found in the lung or in the stomach. It must be pointed out that the aspirate need not be disturbed in both of the parts, both the stomach and the lungs can be soley involved. Five minutes after spontaneous respiration had been resumed the lungs revealed only a centrally distributed radioactivity. This corresponds anatomically to the trachea and major bronchi. The peripheral area of the lungs was free of aspirate at this point in time.
Based on this study we would recommend the following proceeding: Oral suction immediately after delivery of the infant's head is much more effective and should be carried out first. When sufficient time is available, nasal suction should be done after completion of pharyngeal clearance.
In some instances the amount of meconium can be further reduced. Because a large amount of meconium present in oro-and nasopharynx stays there initially even when spontaneous respiration has begun, a second very careful clearance of the oral and nasal cavaties must be carried out post-partum. After the beginning of spontaneous respiration a relatively large proportion of meconium can be found in the stomach. The stomach must always be emptied in order to prevent later regurgitation and aspiration. Because it takes a relatively long time before aspirated material leaves the trachea and the major bronchi into the peripheral airways, repeated endotracheal suction and/or saline lavage can be necessary.
Keywords: Ketamine -sedated kittens, meconium aspiration, neonatal breathing, respiratory distress, resuscitation/ newborn, upper airway suctioning. On a trouve que Faspiration nasale isolee est inefficace; en utilisant cette voie, on peut aspirer une moyenne de 13 % (seulement un huitieme de ce qui a ete instille). L'aspiration par la bouche permet de recuperer une moyenne de 52% de ce qui a ete instille, la technique combinee plus de 56%. Apres le retablissement de la respiration spontanee, on observe clairement que, independemment de la technique employee, la majorite de la radioactivite persistante (55 %) est localisee au niveau des aires cephaliques et cervicales. Les valeurs absolues sont de 45 % pour Faspiration nasale, de 26% pour l'aspiration orale et de 24% pour la voie combinee. L'autre partie de la radioactivite restante est localisee au niveau des poumons ou de Festomac. On doit insister sur le fait qu'il est necessaire d'aspirer ä la fois dans ces deux directions, on peut en effet n'aspirer que Festomac ou que les poumons. Cinq minutes apres la reprise spontanee de la respiration, la radioactivite pulmonaire se distribue uniquement au niveau de la zone centrale. Cela correspond anatomiquement ä la trachee et aux bronches souches. La peripherie pulmonaire est libre de mucus a cet instant. En se basant sur cette etude, nous voulons recommander les points suivants: L'aspiration orale du pole cephalique de Fenfant immediatement apres la naissance est de beaucoup la plus efficace et devrait etre menee ä bien dans un premier temps. Lorsque Fön a assez de temps, Faspiration nasale ne devrait etre effectuee qu'apres Fentiere evacuation . pharyngee. Dans certaines circonstances, la quantite de meconium peut etre davantage diminuee. Du fait de la presence de grandes quantites de meconium au niveau de Foro et du naso-pharynx des le debut meme lorsque la respiration spontanee a debute, une deuxieme aspiration tres soigneuse doit etre effectuee apres Faccouchement. Apres le debut de la respiration spontanee une proportion relativement importante de meconium peut etre trouvee dans Festomac. On doit toujours evacuer ce dernier afin de prevenir les regurgitations et les aspirations Ulterieures. En raison du delai relativement long avant que le materiel ä aspirer quitte la trachee et les bronches souches vers les voies aeriennes peripheriques, des aspirations endotracheales iteratives et/ou des lavages au serum sale peuvent etre necessaires.
Mots-cles:
Chatons calmes ä la Ketamine, desobstruction des voies aeriennes superieureSj detresse respiratoire, inhalation meconiale, reanimation neonatale, respiration neonatale.
